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@ Automated infusion pump with replaceable memory cartridges. 

@ An infusion pump system for dispensing a drug 
to a patient in accordance with a predetermined 
therapeutic modality, said system including a drug 
delivering member 24 controlled by a microproces- 
sor 34 and replaceable memory modules 38 coupled 
to said microprocessor 34 for configuring specific 
pump user interface and other characteristics re- 
quired for differing therapeutic modalities. Informa- 
tion specific to a particular patient is entered through 
input features 42, 46 on the pump. 
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This invention pertains to a microprocessor 
controlled infusion pump for delivering drugs lo a 
patient; and moie particularly to an infusion pump 
with a memory cartiidge which delines one ol a 
variety of configurations for the pump, said car- 
tridges being leplaceable to allow the purnp to be 
used in multiple, different environments. 

Infusion pumps are used in the field of medi- 
cine to administer drugs to patients over an ex- 
tended time period particularly durations longer 
than can be managed easily by direct injection. As 
availability ol drugs, therapeutic techniques, and 
technological capability have improved, the de- 
mand tor sophistication in drug delivery has in- 
creased. In many instances, this added sophistica- 
tion results in more complicated device operation. 
Achieving this sophistication in drug delivery capa- 
bility, and maintaining ease of use has been a 
major challenge for infusion pump manufacturers. 

One reason that devices have become com- 
plicated is the breadth of drug dosing methods 
used. For example, such different modes of opera- 
tion as Patient Controlled Analgesia (PCA) and 
physician interactive dosing for operating room in- 
fusions must somehow be accommodated. Otiier 
current therapy modes in use include continuous 
infusion, bolus plus continuous infusion, clinician 
interactive dosing; PCA with continuous infusion, 
time/dose, and multiple automatic time/dose. 

Continuous infusion is the most traditional 
method of drug delivery. Figure 1 shows a graph of 
a constant drug flow vs. time. The infusion rate 
may be changed, if necessary, but whatever rate is 
selected will continue indefinitely. In this type of 
infusion, the user only selects the rate in ml/hr or 
drops/minute. 

Time/dose therapy is shown in figure 2. This 
therapy is accomplished with a number of different 
devices for many different drugs. One device, a 
syringe infusion pump described in U.S. Patent 
4,544,369, has no rate input at all. The selection of 
syringe size and dose volume define the duration 
of infusion and, thus, the flow rate. Other devices 
have flow rate and dose volume as inputs. Still 
others require dose volume and duration of infusion 
as inputs. Intermittent medications such as antibiot- 
ics and H2 agonists are often administered using 
these devices. 

Figure 3 shows a multiple dose scheme. This 
method is similar to time/dose, but also includes a 
repeat time as a user defined parameter. The 
pump automatically starts each dose at predeter- 
mined time intervals. 

Figure 4 shows patient controlled analgesia 
(PCA) therapy. The clinician typically selects a 
dose size, and a minimum delay or lockout period. 
The patient may request a drug dose using a 
bedside request button connected lo the pump. 


The pump administers a dose only if it has been 
requested during the minimum time period afler 
the administration of a previous dose. 

Often, a continuous infusion Is superimposed 

5 over PCA therapy as shown in Figure 5. The clini- 
cian must select a continuous infusion rate along 
with the dose size and minimum delay period. PCA 
therapy may also include additional clinician selec- 
table features. These include a loading dose at (he 

?o start of or during therapy and secondary prescrip- 
tion limits (e.g. hourly limit). 

Interactive dosing is commonly done in the 
operating room (OR) or the intensive care unit 
(ICU). Figure 6 shows a typical course of therapy. 

/5 The clinician selects appropriate rates, boluses, 
and changes based on patient response or thera- 
peutic goal. Aspects ol interactive dosing are com- 
mon to all infusion schemes because the actual 
dosing requirements change from patient to patient 

20 and from time to time. Nevertheless, certain cir- 
cumstances require rapid interactive dosing not 
necessarily available or even desirable on all de- 
vices. An example of a device particularly well 
suited for this type of interactive dosing is made by 

25 C.R. Bard and is described in U.S. Patent number 
4,943,279. 

Of particular importance to tfie foregoing dis- 
cussion is the wide variety of user selectable pri- 
mary dosing inputs. The range of possible user 

30 inputs includes, but is not limited to, infusion rate, 
infusion duration, dose volume, lockout period, re- 
peat period, bolus size, and bolus rate. Secondary 
inputs may include patient weight, patient sex, sy- 
ringe size, container volume, security codes, drug 

35 units (e.g. milligrams), drug concentration, or even 
pharmacokinetic parameters. 

In addition, not only are the clinician inputs 
numerous and variable, but the infusion pump's 
outputs are also extensive. History and status In- 

40 formation unique to each therapy must be pre- 
sented to the user in a clear manner. 

The totality of Inputs and outputs is termed the 
user interface- This user interface often has one 
most desirable features for a particular therapeutic 

45 modality. 

Because of the large number of therapeutic 
modalities and the extensive number of possible 
required inputs and outputs, the challenge lo man- 
ufacturers has been great. Users desire most a 

50 user interface with only a particular set of inputs 
and outputs pertinent to a particular therapy. On 
the other hand, great versatility is desired by both 
the manufacturers and the users. Users desire ver- 
satility so their pumps can perform many therapies. 

55 Manufacturers have the same desire because the 
economies of scale can be more easily realized. 

The infusion industry has collectively respond- 
ed to these needs In a number of ways. First. 
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compromises in features are otten accepted in the 
interest of having versatile, genera! or multi-pur- 
pose pumps. For example, users may sometimes 
select doses based on body weight and drug units, 
but often times this may not be current practice for 
some drugs. Therefore when necessary, users per- 
form conversion calculations so that reates may be 
selected in ml/hr. These calculations are time con- 
suming and are potential error sources. Another 
example is that continuous infusion modes may be 
used for time/dose infusions. The user must either 
time the infusion or rely on "end of container" 
alarms to appropriately terminate delivery. 

An alternate to general purpose pumps has 
been devices designed specifically for only one 
drug or therapy. This have proven desirable for 
some widespread therapies. tJsers value the simple 
operation of these devices since they include only 
those features needed for a particular therapy. The 
disadvantages of these devices is their lack of 
versatility. They usually cannot perlorrn widely dif- 
fering therapies, not can they accommodate ther- 
apy advance over time. 

In view of the above-mentioned disadvantages 
of the prior art, it is an objective of the present 
invention to provide an infusion pump system with 
variable user interface characteristics. 

A further objective is to provide an infusion 
pump system which may be operated as a pump 
having particular user interface characteristics by 
using a replaceable memory module. 

Yet another objective Is to provide a pump 
system with user interface means thereon for ad- 
justing the operation of the system in accordance 
with the needs and requirements of a particular 
patient. 

Other objectives and advantages of the inven- 
tion shall become apparent from the following de- 
scription. 

According to the present invention there is 
provided an infusion pump system lor dispensing a 
drug to a patient comprising: 

a. reservoir means for holding a drug; 

b. delivery means for delivering said drug to 
said patient; 

c. delivery control means for activating said de- 
livery means, said delivery control system in- 
cluding: 

(i) microprocessor means for operating said 
delivery means; 

(ii) a set of memory modules, each module 
containing information defining a specific user 
interface; and 

(iii) coupling means for accepting one o1 said 
memory modules, and coupling said one 
memory module to said microprocessor, 
wherein said microprocessor reads said in- 
formation and operates said delivery means 


in conformance with said specific user inter- 
face. 

The memory module, which may comprise a 
cartridge, is used to configure Ihe infusion pump 
5 system, and particularly the control means, to a 
particular user interlace and to particular functional 
characteristics. The control means further includes 
keypads, rotary knobs, or other means of inputting 
specific dosing or patient information to the micro- 
;o processor. The control means further still includes 
display, alarm, or other means for communicating 
with the user. The control means also provides 
operating and monitoring means indicative of the 
internal functions of the infusion pump. 
;5 Figure 1-6 show time charts for various kinds of 
infusion that can be performed with an infusion 
pump constructed in accordance with this inven* 
tion; 

Figure 7 shows an elevational view of an infu- 
20 sion pump constructed in accordance with this 
invention; 

Figure 8 shows a schematic diagram for the 
control of the infusion pump of Figure 7; and 
Figure 9 shows an elevational view of an al- 

25 ternate embodiment of the infusion purnp. 

As shown in the Figures, and more particularly 
in Figure 7 an infusion pump 10 may include a 
housing 12 with a front 14 used to hold various 
control and display means used to set up and 

30 operate the pump as described more fully below. 
The housing 12 may include mounting means (not 
shown) for securing the pump to an IV pole or 
another stationary frame. 

On one side of the housing the pump is pro- 

35 vided with a bracket 20, for engaging and holding 
the barrel 24 of a syringe. The bracket 20, may 
include sensors for sensing the diameter of syringe 
barrel 24. The syringe also includes a plunger 26 
reciprocated in the barrel 24. The plunger 26 is 

40 terminated by a flange 28 which is captured by a 
plunger activating assembly 30. Assembly 30 is 
coupled to and driven by a motor (shown in Rgure 
8) up or down to permit the plunger 26 to be 
inserted into or out of syringe barrel 24. Thus, in 

45 Rgure 7 the downward movement of assembly 30 - 
causes the plunger 26 to eject the contents of the 
syringe barrel 24 either directly into the blood 
stream of a patient through a catheter device or 
into an IV through line 25. Therefore, the delivery 

50 of the drug from syringe barrel 24 to the patient is 
controllable through the vertical downwardly move- 
ment of the assembly 30 as well as the size of the 
syringe. 

Inside the housing 12, there is the motor men- 
55 tioned above for driving assembly 30, and a control 
system 32 shown in more detail in Figure 8. The 
control system 32 includes a microprocessor 34, 
which is coupled to a RAf^ 36 as well as several 
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input and output devices. RAM 36 is the random 
access memoiy'tor the microprocessor and holds 
appropriate memory tor the pump. Importantly, the 
system 34 also includes replaceable ROM car- 
tridge 38. As shown in Figure 7, the housing 12 
has a slot 40 accessible from the outside lor hold- 
ing ROM cartridge 38 so that (he ROM cartridge 38 
is readily removable and replaceable with another 
cartridge. Instructions and patient specific data are 
provided to microprocessor 34 from a standard 
keypad 42 and some additional control push-but- 
tons 46. All these input devices are mounted on the 
face 14 of housing 12 as shown in Figure 7. In 
addition the system is also provided with a screen 
such as an LCD-type screen 48, and alarms, in- 
cluding attention light 51 used to indicate an ab- 
normal pump operation. The size of barrel 24 is 
determined from condition sensors 60 which may 
be mounted in brackets 20, 22. Microprocessor 34 
generates control signals to a mechanical which 
are used to drive motor 52 for activating the plung- 
er. The position ol motor 52 is sensed by a motor 
sensor 54 and sent back to the microprocessor lor 
verification. Optionally, a printer interface may also 
be provided lor printing data from the microproces- 
sor 34 to an external printer 56. 

The general operation ol the infusion pump 
shall now be described. Initially, a ROM cartridge 
38 corresponding to a specilic delivery profile, 
such as one of the profiles shown in Figures 1-6, is 
loaded into slot 40. In other words a ROM 38 is 
provided for each specific user interface, thereby 
defining the characteristics of a dedicated pump. 
The microprocessor 34 reads this information from 
the cartridge 38. Next, the microprocessor provides 
operational instructions on LCD display 48 and, if 
necessary, requests patient-specific information. In 
other words, display 48 is used to request dosing 
inputs such as flow rate, dose size, patient weight, 
drug concentration, etc.. as required. The display 
48 may also be used to identify the carlridge 
inserted in slot 40, and other initial information 
such as the size of the barrel as determined by the 
sensors 60, thereby providing a further means to 
insure that the pump is operated properly and that 
the patient will receive the correct drug dose. The 
operator of the pump enters the requested informa- 
tion through llie key pad 42. The remaining control 
push buttons 46 may be dedicated to other func- 
tions such as a review function (46A) during which 
the information provided to the microprocessor is 
reviewed prior to the operation of the pump, or to 
start or stop the pump, by activating push button 
46B. 

Once the requested information is entered, the 
microprocessor 34 adjusts the operational param- 
eters tor the pump to meet the requirements of the 
specific patient, and on command, for example, 


trom push button 46B starts the infusion. The 
microprocessor monitors the operation of the pump 
on a continuous basis, and in case ot a mallunc- 
tion. it activates alarm light 51 and/or any other 

5 alarms 50. 

To summarize, the pump 10 may be used for 
infusion using the characteristic/parameters corre- 
sponding to a specific user interlace defined by 
cartridge 38 to act as a particular type of. or 

w dedicated pump. The operation parameters and 
user interlace of the pump, as welt as the proce- 
dure lor administering a parlicular drug are all 
stored in a cartridge 38. Patient specific information 
and other intormation, are provided to the micro- 

;5 processor during an initialization phase via the in- 
put means provided on lace 14. As desired, car- 
tridge 38 may be changed to a different user 
interface to implement another pump having dif- 
ferent operational parameters, for administering a 

20 different drug or therapy. In this manner a single 
type of infusion pump is used to emulate a large 
number of pumps. If technical advances and/or 
new regulations require a new inlusion prolile, the 
pump is easily reconfigured by providing an appro- 

25 priate cartridge 38. Furthermore, the cartridges are 
easily installed in the field by personnel with no 
programming knowledge or capability. 

Figure 9 shows an alternate embodiment 110 
of the infusion pump. Pump 1 10 includes housing 

30 112 with bracket 120. disposed on one side with a 
corresponding plunger activating assembly 130. 
Housing 112 also has a face 114 with data entry 
and control push buttons 142, a rotary switch 144 
and an LCD screen 148. Disposed below the key 

35 142, there is a slot 140 for accepting a ROM 
cartridge 138. The operation of this embodiment is 
identical to the operation of the pump illustrated in 
types 7 and 8. 

The infusion pump described herein has a 

40 number of benefits and advantages. A single pump 
may be used to serve multiple needs of a user in a 
single facility. The operation of the device is simpli- 
fied since the instructions for setting up the pump 
for a particular operation are presented to the user 

45 one step at a time on the screen. 

Existing applications, for example, to conform 
to changes in drug concentrations, acceptable us- 
age, etc. may be easily updated without changing 
the pump. The pump can be easily configured for 

50 future applications. 

Moreover, because each cartridge dedicates a 
pump to a specific pump configuration for each 
application, the pump is only as complicated as 
needed to perform Ihos applications. 

55 Software upgrades are easily implemented, 

thereby insuring greatly the pump's useful life. 

The pump can be easily configured for special 
applications, thereby reducing development costs 
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considerably. 

The pump can be easily conHgured lo accom- 
modate new drugs and techniques. 

Finally, a user is free to buy only tlie ROM 
cartridges for his specific application, with the op- 
tion of buying more as required, or as they be- 
cause available. Although the memory modules are 
described as ROM cartridges it will be appreciated 
that other forms of date storage such as dies or CD 
Rorns may be used. 

Obviously numerous modifications can bo 
made to this invention without departing form its 
scope as defined in the appended claims. 

Claims 

1. An infusion pump system for dispensing a 
drug to a patient comprising; 

a. reservoir means for holding a drug: 

b. delivery means for delivering said drug to 
said patient; 

c. delivery control means for activating said 
delivery means, said delivery control sys- 
tem including: 

(r) microprocessor means for operating 
said delivery means; 

(ii) a set of memory modules, each mod- 
ule containing information defining a spe- 
cific user interface; and 

(iii) coupling means for accepting one of 
said memory modules, and coupling said 
one memory module to said micropro- 
cessor, wherein said microprocessor 
reads said information and operates said 
delivery means in conformance with said 
specific user interface. 

2. The system of claim 1 further comprising input 
means disposed on said housing for providing 
patient specific data to said microprocessor 
means. 


modules; 

c. reservoir means mounted on said hous- 
ing for holding a drug; 

d. drug delivery means for delivering said 
5 drug from said reservoir to said patient; and 

e. delivery control means mounted in said 
housing for operating said drug delivery 
means, said delivery control means includ- 
ing microprocessor means coupled to said 

;o one memory module, said microprocessor 

means receiving said information from said 
one memory module lo operate said deliv- 
ery means in conformance with the specific 
user intedace defined by the information in 

;5 said one memory module. 

6. The system of claim 5 further comprising input 
means mounted on said housing for inputing 
patient specific data to said microprocessor 

20 means. 

7. The system of claim 5 or 6, further comprising 
display means mounted on said housing for 
displaying output data from said microproces- 

25 sor. 

8. The system of claim 5, 6, or 7, wherein said 
display means inclirdes a display panel for 
displaying operational instructions. 

30 

9. The system of claim 7 or 8 wherein said dis- 
play means includes an alarm indicator for 
indicating an abnormal operating condition. 

35 10. The system of any one of claims 5 to 9, further 
comprising manual control means mounted on 
said housing. 

11. The system of claim 10 wherein said manual 
40 control means includes manual keys disposed 

on said housing. 

12. A method of administering a drug to a patient 
comprising the steps of: 

a. providing an infusion pump system hav- 
ing a reservoir with a drug, a delivery 
means for delivering said drug to a patient, 
and a delivery control means including a 
microprocessor for operating said delivery 
means, and a set of memory modules, each 
module containing information defining a 
specific user interface; 

b. selecting a specific memory module; and 

c. coupling said specific memory module to 
said microprocessor, wherein said micropro- 
cessor operates said delivery means in con- 
formance with said specific user interface. 


3. The system of claim 1 or 2, further comprising 
display means disposed on said housing for 
displaying Output data. ^5 

4. The system of claim t, 2 or 3, wherein said 
information defines parameters for configuring 
said pump to mimic a dedicated pump having 
specific operational characteristics. so 

5. An infusion pump system for dispensing a 
drug lo a patient, said system comprising: 

a. a set of memory modules, each memory 
module containing information defining a 55 
specific user interface; 

b. a housing with memory access means for 
replaceably accepting one of said memory 
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